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Abstract. We present a quasar candidate identication technique based on multicolor
photometry. The traditional multi-dimensional method (2  N dimensions, where N is
the number of lters) is reduced to a one-dimensional technique, which consists in a stan-
dard tting procedure, where the observed spectral energy distributions are compared to
quasar simulated spectra and stellar templates. This new multicolor approach is rstly
applied to simulated catalogues and its eciency is examined in various redshift ranges,
as a function of the lter combination and the available observing time for spectroscopy.
We conclude that this method is better suited than the usual multicolor selection tech-
niques to quasar identication, especially for high-redshift quasars. The application of
the method to real quasar samples found in the literature results in a better eciency
when selecting quasar candidates, as compared to the usual color-color diagrams.
Key words: imaging survey { photometric redshift { quasars
1. Introduction
Nowadays, very high redshift galaxies and quasars are being found. However, quasars still
oer the opportunity of (relatively) easy construction of high-z samples, thanks to their
high luminosity, quasi-stellar shape (allowing easy photometry), and to their emission
lines (allowing easy spectroscopical identication). Therefore, many large optical quasar
surveys are in progress or in project. Even if high energy emission is quite a common
quasar property, X-ray samples still need the detection of emission lines in the optical
domain for the purposes of redshift determination. To improve the eciency of all quasar
studies, one has to increase both the size and the upper redshift limit of the sample, and
to achieve a maximum completeness over a redshift range as large as possible.
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These surveys are essentially based on the photometric preselection of quasar candi-
dates, in order to optimize the eciency of telescope time. Preselection makes the com-
pleteness questionable both at low and at high redshift (see discussion in e.g. Millerm
& Mitchell, 1998). Even multiple color-color diagrams Hall et al., 1996b still reveal a
strong bias in the range 2:2  z  3, exactly where a reversing of evolution is thought
to occur, making completeness specially important. At low redshift, it has been shown
that the usual morphologic prerequisite for quasi-stellar candidates results in a noticeable
deciency Wolf et al., 1998. This trend may increase the apparent evolution of quasars.
The present paper describes a joint method both for distinguishing between quasars
and stars/galaxies by their photometry and for obtaining an estimate of the photometric
redshift of the quasar candidates as well. In x2 we present the current state of the art in
the optical search for quasars. x3 gives a brief description of our method, which has been
rst validated with simulations, as shown in x4, before being applied to real samples (x5).
The last section of this paper (x6) contains a summary of our conclusions and a brief
discussion.
2. State of the art in the optical search for quasars
One of the most common problems in optical surveys is the selection criteria one has to
apply in order to distinguish between stars and quasars, since both categories of objects
have (in most cases) a point{like morphology. Quasars are spatially resolved only at
low redshifts and only when high quality imaging data are available. Selection of QSO
candidates among stellar objects from photometric data is becoming a standard method.
The UVX technique (UV excess) easily separates stars from quasars with a redshift
z  2:2. This technique is still currently being used, e.g. in the Chile-UK quasar survey,
and the AAT 2dF QSO Survey.
To avoid both the redshift limitation (z < 2:2) and the bias towards blue objects,
other equivalent techniques are also being applied (for example BRX), with quite a high
eciency in other redshift ranges. Many Multicolor Surveys use an increased number
of lters, especially towards the red, with special care paid to high-z quasars: examples
are found in Boyle et al. (1991), Kenneck et al. (1997), Osmer et al. (1998) and the
references therein, Jarvis & Mac Alpine (1998) and the DPOSS (Digital POSS II). In
all these cases, the eciency never exceeds 35% (’ 3 candidates selected per one real
quasar), depending on magnitude and redshift.
For all the selection methods described above, the working space is the N  2D-
manifold of N Color-Color Planes. The locus of quasars at dierent redshifts in each of
these planes is compared to the locus expected for Main Sequence stars. For quasars, the
allowed multi-color space is dened through simulated template spectra, set to dier-
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ent redshifts. Basically all the selection procedures use the positions of candidates in the
multi-color space either to compare with the expected locus for quasars or to the compute
the distance to the Main Sequence (Newberg & Yanny, 1997; Fan, 1999; Krisciunas et
al., 1998). Quasar candidates are among the objects at the largest distances with respect
to this Main Sequence ’Snake’. However the selection of candidates with quasar spectra
is basically a 1D problem: the tting between the observed spectral energy distribution
(SED) and the equivalent one obtained from templates (quasars/stars), all of them com-
puted within the same photometric system. Two quasar surveys make use of such a t to
select candidates and to estimate their photometric redshifts. The Calar Alto Deep Imag-
ing Survey (CADIS) uses specialized lters and a multicolor classication algorithm to
distinguish between stars, galaxies and quasars, and the identication of high-z quasars
in particular is based on the photometric redshift method Wolf et al., 1998. The Large
Zenith Telescope, a 6-meter liquid-mirror telescope, will provide photometric redshifts
for more than 1 million of galaxies, thanks to a series of 40 medium-band lters specially
designed, and will be able to select quasar candidates quite eciently. For the purposes
of this paper, even a reduced set of broad band photometric data on a given object
shall be considered as a very low resolution spectrum (R 1!), which could be tted by
synthetic templates according to the standard methods commonly used on photometric
redshift estimates. Assumptions on the morphology of the objects could be avoided in
principle, in such a way that both point-like and spatially resolved sources could be ex-
amined through the same pipeline. Furthermore, it is interesting to have a prior idea on
the redshift range of each candidate, in order to perform the spectroscopic follow up in
the suitable wavelength range (visible or IR).
The software described in the present paper has been developed for the needs of
preparing the quasars/AGN sample to be assembled in the future VIRMOS survey. It can
however be applied to all multicolor catalogues. The forthcoming VIRMOS spectroscopic
galaxy survey will consist in 2 surveys: a deep one and a shallow one. The VIRMOS-
SHALLOW spectroscopic sample (statistically 1/4 to 1/3 complete to I  22:5, no
other preselection) will ensure random completeness, without any color or morphology
preselection. The VIRMOS-DEEP survey (complete for all objects with 22:5 < I  24)
will provide the opportunity of assembling a quasar sample avoiding the drawbacks of
any preselection, therefore basically free of the usual biases (colors, redshift etc). So
far, very few such samples are available: three examples come from the CFRS (I=22.5,
Schade et al., 1995), the Faint Galaxy Redshift Survey (B=24, Glazebrook et al., 1995)
and more recently Cohen et al. (1999) to R=24 in the HDF, concerning, however, very
few quasars. We are examining various possibilities of assembling a third quasar sample
in the limits of the VIRMOS-SHALLOW survey, trying to get as much as possible of the
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spectra of the several thousands of quasars present in this eld by selecting photometric
candidates. Comparing the three VIRMOS samples should provide a unique opportunity
of examining the biases introduces by a photometric and/or morphological preselection
on the quasar samples.
3. Description of the method
Our method used here is closely based on hyperz, a public photometric redshift code
presently under development at the Observatoire Midi-Pyrenees. Details on hyperz will
be given in a forthcoming paper Bolzonella et al., 2000 (see also Miralles & Pello, 1998;
Pello et al., 1999). It is basically a standard SED tting procedure: the observed pho-
tometric SED of a given object, obtained through n lters, is compared to the SED
computed for a set of template spectra. The aim is to nd the best t between the




(F iobs − F imod(z))2
2i
where F iobs and F
i
mod are respectively the observed and the template fluxes in the i
band, and i is the error on the observed flux in this band. Fluxes are normalized to
an arbitrary reference lter. This is a quite general method. The photometric redshift is
the redshift z corresponding to the minimum 2 value. As expected, the accuracy on the
photometric redshift determination depends strongly on the set of lters used (number
and wavelength coverage); this is illustrated in the next paragraph.
In order to apply this method to quasars, the template set is made by series of
simulated quasar spectra. These spectra have been constructed by varying the slope of
the power-law spectra (spectral index) in the optical (between 0.0 and 1.0, in 3 steps)
while keeping the ultraviolet index, aUV , constant at 1.76 (a value compatible with Wang
et al., 1998). Emission lines are included (Ly, Ly , CIII, CIV, MgII, SiIV, H, H and
Hγ) with gaussian proles and typical intensities (e.g. Peterson, 1997), as well as the
small blue bump, centered at 3000 A. The redshift value is set between 0 and 6. The total
number of template quasar spectra is 71. The Ly forest has been modelized according
to Madau (1995), while no reddening has been included. Additionally, we included stellar
library of Pickles (1998).
When applying the method to a given sample, the discrimination between stars and
quasars is performed in two steps. First, a fraction of objects is identied as stars because
they show a better t to the stellar rather than to the quasar templates. The subsequent
selection on the remaining sample is based on the value of the reduced 2, with stars
identied as objects excluded as quasars at the 95% or 99% condence levels. The number
of degrees of freedom, , is equal to the number of lters minus 2: we lose one degree
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by normalizing the flux to a reference lter and one degree because of the \best t"
procedure. In this way, the separation between stars and quasars is reduced to a one{
dimensional t between the data (the observed SED) and the spectral templates.
As expected, and as conrmed by the simulations, the quality of the quasar/star
discrimination also depends on the lter combination, as it happens for the photometric
redshift estimate. Not only the number of lters is important, but also the wavelength
range covered. Another important point is the width of the lters which must be suited
to the width of quasar spectral features. A realistic determination of the photometric
errors is the key to a successful issue for this method.
4. Simulations
The rst test of this method has been done on mixed (quasars + stars) simulated cata-
logues. In this paragraph we intend to show the importance of the set of lters used for
optimizing the results. First, let us dene an arbitrary and useful quantity which is aimed
to quantify the eciency of this procedure. Let Nc be the number of quasar candidates
resulting from the identication technique, Nf the number of actual quasars found as
candidates (real quasars eectively selected), and Ne the number of expected quasars. In
principle, Ne is a quantity which can be estimated from previous surveys. We dene the
\eciency" of the method as follows:
eciency=completeness  conrmation rate,
where completeness= Nf/Ne and conrmation rate = Nf/Nc. Obviously, both the com-
pleteness and the conrmation rate take values in the interval [0,1] and so does the
eciency.
The number of stars in our simulated catalogues was given by the Galaxy model of
Robin et al., 1995 (R95), while quasar numbers were based on previous surveys (Hartwick
& Schade, 1990, hereafter HS90). Catalogues contain 100 quasars and 3000 stars,
with a magnitude limit of mb=22.2 and photometric errors scaling with magnitude,
with typical values of the order of 0.1 magnitudes. Quasars are uniformly distributed in
redshift, in order to obtain reasonable statistical results at all redshifts.
Photometry in broad-band lters has been simulated, covering the wavelength range
between  3000 A and  20000 A: U, B, V, R, I, H, and K. Broad-band lters have
been used for practical reasons, in particular because they directly apply to the VIRMOS
survey, which will make use of wide-band lters only, although narrow-band lters would
give better results (Peri, Iovino & Hickson, 1997). 40 dierent lter combinations have
been tested in the aim of selecting quasar candidates. Fig. 1a and b illustrate the com-
pleteness (solid line), conrmation rate (dashed line) and eciency (dash-dotted line)
for these 40 combinations, without any 2 selection and with selection at 99% condence
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Table 1. Filter combinations used in the g. 1a and 1b, classied by increasing completeness in
the case of no 2 selection.
No lters No lters No lters No lters No lters
1 VRI 2 VRH 3 BRH 4 UBV 5 BRI
6 BVRI 7 BVR 8 VIK 9 BVRIH 10 BRIHK
11 VRIHK 12 BRHK 13 BVI 14 BRIK 15 VRIK
16 BVK 17 RIHK 18 BVRIHK 19 UBR 20 UBH
21 BVRIK 22 UBVR 23 UBRI 24 BVIK 25 UBVRI
26 UBVRIK 27 UBVRIH 28 UBRHK 29 UBHK 30 UBVRK
31 UVIK 32 UVRIK 33 UBVRIHK 34 UVK 35 UBRIHK
36 UBVIHK 37 UBVRHK 38 UVIHK 39 UVRIHK 40 UBRIK
level, respectively. The lter combinations in g. 1a have been classied by increasing
completeness. The same order has been used in g. 1b, to demonstrate the eect of
a 2 selection on the completeness and the other parameters. Table 1 shows the lter
combination which corresponds to the abscissa values.
Fig. 1. completeness (solid line), conrmation rate (dashed line) and eciency (dash-dotted
line) for 40 lter combinations, a) without any 2 selection and b) with selection at a 99%
condence level.
A closer look at g. 1 and Table 1 reveals that the lter combination is, most of the
time, more important than the number of lters. In general, lters like U or the infrared
lters H and/or K are very useful: they add much photometric information restraining the
number of candidates. Neighboring lters like B, V, R, when used all together, decrease
the eciency because, as mentioned above, they increase the number of the degrees
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of freedom without adding any essential information. A comparison of the two gures
reveals several trends. The completeness is almost not influenced by a 2 selection in the
case of 3-lter combinations (such as UBV, BRI, BVR, BVI, or UBR). It is, however,
strongly influenced by a 2 selection when the lter U is present, in sets of 4 or more
lters. Note that this quantity decreases signicantly , when a 2 selection is imposed,
for lter combinations with index higher than 26, which are all sets containing the U-
lter. Furthermore, the conrmation rate is generally increasing with increasing number
of lters. The decision whether to make a 2 selection or not depends on the available
time for spectroscopy and the scientic objectives of the project.
For this purpose, we made an approximative estimation of the time needed for making
the spectroscopy in order to cover an area of 1 square degree, Tsp, for the same 40 lter
combinations, given a detector area, S, a magnitude limit, mb, a quasar candidate density,
nq = Ncand=S (depending on this limit as well as on the lter combination), a number











Fig. 2 illustrates Tsp (in hours) for mb = 22:2, S=0.06 square degrees, G=10 and
dTsp =3 hours, without any preselection (solid line) and with a 2 selection (dashed line).
Note that the y-axis is logarithmic. As expected, there is an anticorrelation between Tsp
and the conrmation rate, as it appears from the comparison of g. 1 and 2. The highest
the conrmation rate, the less time is required.
Fig. 2. Spectroscopy time (plotted on a logarithmic axis) per square degree versus lter combi-
nation, without any 2 preselection (solid line) and with a 99% condence level selection (dashed
line).
The completeness, the conrmation rate and, therefore, the eciency of the method
depend on the redshift. There are redshift intervals where this technique could be out-
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standing and others where the performance is much lower. Fig. 3 illustrates the com-
pleteness (dash-dotted line for no 2 selection and solid line for a selection at 99% of
condence level) and the conrmation rate (dotted line for no 2 selection) versus red-
shift for the lter set UBVRI. For this particular set of lters, the conrmation rate at
the 99% condence level and without 2 selection are the same. Both quantities obvi-
ously depend on the redshift. The conrmation rate drops dramatically at the redshift
range [2.5,3.0], where quasars have stellar-like colors, and this tendency is observed for all
lter combinations. The completeness depends on the lter combination. In the case pre-
sented here, it drops at 50% at redshifts around 2 for a 2 selection, due to the presence
of the lter U which imposes many constraints and is very sensitive to the presence of
the Ly emission line. Both completeness and conrmation rate reach levels higher than
80% for redshifts above 3. This is also a general tendency, observed for almost all lter
combinations with 5 or more lters, making this method quite suitable for the search of
high-redshift quasars.
Fig. 3. For the lter set UBVRI, completeness and conrmation rate as a function of red-
shift. Dash-dotted and solid lines display the completeness without 2 selection and with 99%
condence level selection, respectively. Dotted line displays the conrmation rate with no 2
selection.
5. Applying the method to real samples
The method presented above has been tested on a series of samples found in the literature,
giving rather satisfactory results. Depending on the sample and the available information,
the conrmation rate and/or the completeness have been calculated.
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Table 2. Quasars candidates for DMS, HDFBright and Parkes selected by the zphot method.
Stars Quasars
Survey Surface Mag. Filters Candidates
covered limit exp cand exp 95% 99% no 2 conf
DMS 0.83sd B=22.3 U,B,V,R', 3316 60 3330 106+27−22 273 317 341 52
I75,I86 (R95) (HS90) (40) (45) (45)
HDFB 1.00sd B=21.0 B,V,R { 30 26 30 30 30
Parkes H=19.6 B,V,R,I, { 129 99 107 125 129
J,H,K
5.1. The Deep Multicolor Survey
The Deep Multicolor Survey is an imaging survey covering 6 elds on a total area of
0.83 square degrees on the northern sky at high galactic latitude, carried out at the 4m
Mayall telescope of the Kitt Pick National Observatory. 6 lters have been used, covering
the wavelength range from 3000 to 10000 A: U, B, V, R’, I75 and I86, and a photometric
catalogue of  21000 stellar{like objects has been assembled, with the aim of conducting
a multicolor quasar search (Osmer et al. (1998) and the references therein). 55 quasars
with redshifts spanning from 0.3 to 4.3 have already been spectroscopically identied,
although the poor signal to noise ratio in some spectra does not allow an accurate estimate
of the redshift. These objects belong to the 163 quasar candidates selected by Hall et al.
according to their position on color-color plots, a high fraction of them being selected
by the UVX technique (as described in Hall et al., 1996). This selection favored quasars
with redshifts less than 2.2. The redshift distribution of these objects can be seen in g.
4, where the spectroscopic sample is plotted by a dotted line.
For our purposes, we cut the catalogue at B=22.3, a limit at which the sample is
almost 100% complete and only marginally contaminated ( 8%) by galaxies, and we
only used objects for which photometry was available in all 6 lters. When applying the
method to the 3671 objects with a stellar shape, 52 out of the 55 quasars and 97 out of the
108 remaining DMS candidates belong to our nal catalogue of quasar candidates. For
the magnitude limit and the area covered by the survey, approximately 106+27−22 quasars
are expected to be found among the objects of the catalogue (HS90), resulting in a 50%
completeness for the usual multicolor selection techniques and 90% for our method.
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Table 2 summarizes the characteristics of the dierent catalogues examined in this
section: surface covered, magnitude limits, lters used, number of quasars, and num-
ber of candidates for dierent condence levels. The expected number of stars on the
DMS eld has been computed from R95. In the case of the DMS eld, the number of
spectroscopically conrmed quasars is also given between brackets.
Among the 3671 objects in this catalogue, we identied 3330 as stars because
their photometry better match the stellar templates. With our method, 7 of the 52
spectroscopically conrmed quasars (DMS0059-0056, DMS1358-0054, DMS1714+5012,
DMS1714+5003, DMS1358-0045, DMS1714-4959 and DMS1358-0055) are classied as
stars. After checking their spectra we nd out that the rst three are undoubtedly
quasars, but the last three have low S/N spectra and are in fact hardly classied. (The
spectrum of the object DMS1714+5003 is not available). Only 7 of the remaining 97
candidates belong to our candidate list, and two of them may be quasars misclassied as
stars (f17-n3-1071 and f01-n2-5711).
To summarize, we nd 341 quasar candidates for 106 actual quasars, with an expected
completeness of 45/52=0.87 and an expected conrmation rate of (106 0.87)/341=0.27,
if no 2 selection is made. The equivalent values with 99% condence level selection are
0.87 and 0.29, respectively, for 317 quasar candidates (see also Table 3).
Fig. 4 displays with a solid line the estimated redshift distribution of our 317 quasar
candidates (based on a selection at 99% condence level). The accumulation of identi-
cations around z 2 [0:9; 1:0] and around z 2 [2:6; 2:9], is due to the stellar{like colors of
quasars at these redshifts, which makes the distinction between stars and quasars partic-
ularly dicult by photometric means. For comparison, we plot the redshift distribution
of the 52 spectroscopically conrmed quasars (dotted line), and also that corresponding
to the uncertain ones among the former 52 (dashed line).
Fig. 4. Estimated redshift distribution of the photometrically selected candidates (solid line),
spectroscopically determined sample of 52 DMS quasars (dotted line), and to the uncertain
objects among the previous 52 DMS quasars (dashed line).
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The above results are summarized in the rst 6 columns of Table 3, where the values
of the completeness (C), the conrmation rate (CR) and the eciency (E) are shown in
columns 3 and 4. The values predicted by the simulations are also given for comparison
in columns 5 and 6, using the same lter combinations as for the real data, and keeping
the lter responses as close as possible to those actually used. Column 2 gives the same
quantities for the DMS and the usual multicolor selection techniques. Note that for this
particular sample, both completeness and eciency are more than 1.5 times higher with
our method that with the usual multicolor techniques. However, our conrmation rate is
somehow lower. This is principally due to the redshift range [2.5-3.0], where the number
of quasar candidates increases due to the stellar-like colors of quasars at such redshifts,
as explained above.
Table 3. Completeness (C), conrmation rate (CR) and eciency (E) for the samples DMS,
HDFB and Parkes and for the simulated catalogues, with a 
2 selection at 99% condence level
and without any 2 selection. In column 2 we give the same quantities for the DMS sample and
for the usual multicolor selection techniques.
DMS zphot sim HDFB sim Parkes sim
99% no 2 99% no 2 99% no 2 99% no 2 99% no 2 99% no 2
C 0.49 0.87 0.87 0.79 0.86 1.00 1.00 0.74 0.76 0.83 0.97 0.52 0.81
CR 0.35 0.29 0.27 0.20 0.21
E 0.17 0.25 0.24 0.16 0.18
5.2. HDFBright and Parkes
The completeness has been also tested on two recently published quasar catalogues.
Liu et al. (1999) published a list of 30 spectroscopically conrmed quasars with their
photometry in B, V and R. These objects have 17:6  B  21:0 and 0:44  z  2:98
and were selected, on a one square degree eld centered on the HDF North. They were
rstly identied as quasar candidates by their (B-V) (V-R) colors, along with another 31
candidates that, after the spectroscopy, turned out to be stars.
With our method we identied all 30 quasars as quasar candidates. However, the
limited number of lters did not allow us to reduce the number of stars selected as
quasar candidates, 30 out of 31 were in our own list.
We also applied our method to the Parkes subsample published by Francis et al.
(1999). Only point-like objects, with the photometry in all 7 lters (B, V, R, I, J, H, Kn)
were kept, thus 129 out of the 157 quasars of the initial sample remain in our catalogue.
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At a condence level of 99%, 107 among these objects were classied as quasar candidates
(completeness=0.83). If no 2 selection is applied, the completeness is equal to 0.97.
Columns 7 to 14 in Table 3 summarize these results. Simulation results are also given
for comparison. Note that in both cases, the completeness for the real samples is found
to be even higher than expected according to the simulations.
5.3. EIS-wide (patch B)
An attempt to apply our method to the EIS{wide (patch B) data. Unfortunately, the
results are approximatively the same as those obtained in multicolor procedures. This
was somewhat expected: the multicolor approach proposed here, when applied to a 3 lter
data set, is equivalent to a color{selection technique. Note that 3 lters have been used
to carry out this survey: B, V and I. On a (B-V) (V-I) diagram, quasar evolutionary
tracks up to a redshift of  3:3 and the Main Sequence stars mix together, as shown
in g. 5. The points display the locus of the quasar evolutionary tracks and the black
diamonds correspond to the main sequence stars. Only the photometry in the U{band
could partially solve the problem (at least for quasars with z  2:2).
Fig. 5. (B-V) (V-I) diagram. Points correspond to quasars, diamonds to main sequence stars.
Stars and quasars with redshift less than  3.3 cannot be separated.
6. Discussion
The quasar multicolor selection technique presented in this paper has two advantages as
compared to the \traditional" multicolor methods. First, it has the advantage of selecting
quasar candidates even at redshifts where quasar and stellar colors are very much alike
(2.5 { 3.0). However, the eciency varies with the redshift. For almost all set of lters, the
number of quasar candidates will be far higher in the [2.5,3.0] redshift range, therefore
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the conrmation rate will be lower than for the rest of the redshifts. The reason for this
is that quasars and stars are dicult to separate in this redshift interval. The set of
lters used also plays an important role. Adding a lter is not necessarily equivalent to
adding information and does not always improve the results, but imposes more stringent
constraints by increasing the number of degrees of freedom. For this reason, a 2 selection
does not improve the results in all cases.
This technique gives also an estimate of the (photometric) redshift of the candidates,
and it is thus able to improve the spectroscopic follow up of a given sample. The same
method can be extended towards dierent directions. First, it can be adapted to partic-
ular objects like very red quasars, by adding the suited templates. However, this has to
be done thoroughly, to prevent from a possible and undesirable increase of the quasar
candidates. It can also be used on spatially resolved objects, like Seyfert galaxies, be-
cause by construction, the software is independent of the morphology of the objects. This
can be done by adding a stellar component to the AGN simulated spectra already used.
Last but not least, it can be extended to very high redshifts (higher than 6), after an
appropriate modeling of the intergalactic absorption.
As already mentioned, this software has been developed for the needs of preparing the
quasars/AGN sample assembled in the future VIRMOS survey. However, the results and
conclusions of this paper apply to all multicolor surveys in general. A cross-identication
between optical and X-ray sources can be extremely useful, when X-ray data are available,
and can increase the eciency, as quasar candidates with an X-ray counterpart will have
an even higher chance of being quasars.
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